Study on the Pollution Control and Resource Recovery of Urban Street Rainwater  by Xue, Binxia & Kang, Xiaofei
Energy Procedia 16 (2012) 2 – 7
1876-6102 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of International Materials Science Society .
doi:10.1016/j.egypro.2012.01.002
Available online at www.sciencedirect.com
Energy
Procedia
   Energy Procedia  00 (2011) 000–000, 
www.elsevier.com/locate/procedia
2012 International Conference on Future Energy, Environment, and Materials 
Study on the Pollution Control and Resource Recovery of 
Urban Street Rainwater 
Binxia Xuea, Xiaofei Kangb,*
aHarbin Institute of Technology School of Architecture, 66 WestDazhiStreet, Harbin, 150006 China 
bHarbin Institute of Technology Urban Planing&Design Institute,#1508 66 WestDazhiStreet, Harbin, 150006 China 
Abstract 
As a significant part of the city, the pollution control and resource recovery of urban street rainwater are attached 
with more and more importance. Based on the analysis of the pollution situation, the controlling measures and 
methods are proposed suitable for the status of the street. Meanwhile in this paper the existing utilized models of the 
street rainwater are summarized to put forward the effective suggestions about the comprehensive utilization and plan 
of urban rainwater in the future. 
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1. Introduction 
With the accelerating development of urbanization, the municipal road mileage is also growing fast. 
The road surface is mostly composed by the underlying surface with low permeability coefficient. The 
rapid increase of the road space means the extreme expansion of the impervious area, which destroys the 
balance of water recycle and causes the rainwater waste. Another point is that the modern society is 
stepping forward swiftly. And to satisfy their own requirement, people have built diverse industries and 
mining enterprises, generating a large amount of exhaust gas, pollution etc which will pollute the air. 
Random emission of harmful gas and toxic materials, especially the excessive emission, will cause the 
serious pollution to the eco environment after the rain and surface erosion. Therefore to study on the 
pollution of road runoff and effective controlling measures is crucial to the protection of water 
environment, the general survey of polluted source and control of national pollutant in our country. 
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2. Analysis of Urban Street Rainwater and Pollution Control 
Referring to the utilization of the urban street rainwater, the priority is to analysis the characteristics of 
water quality. That because it has the direct influence on the model selection and efficiency improvement. 
The quality of street rainwater changes significantly with instable elements and many factors, which also 
increases the difficulty to use the rainwater. Hence it can be concluded that the profound study on the 
water quality of street runoff and status of pollutant control could provide more practical and reliable 
basis for the rainwater utilization and development in the future. 
2.1. Types and source of the urban street rainwater pollutants 
According to the research, the pollutants of the rainwater runoff mainly include suspended particulate 
(SS), organic compounds (COD), nitrogen, phosphorus, metals, oils and other contaminants. Tony had 
had the research on the water quality of road surface runoff. And they found 77 priority pollutants (120 in 
totals), including 14 minerals and 63 organic compounds [1]. These pollutants with complex resource and 
varieties ultimately will be removed to the water and surrounding environment through the natural 
sedimentation or rainwater washing.  
The solid suspended particles in the rainwater principally originates from the debris of vehicle causing 
by corrosion, rubber powder by tire friction, leakage during transportation, atmospheric dust and de-icing 
agents. The pollution focuses on the industrial area, commercial district, highway and construction sites. 
These pollutants will be drained into the municipal networks with the rainwater runoff washing and then 
removed into the water body, resulting in the obvious damage to the quality of receiving water body [2]. 
The component of tire debris is rubber and it is hard to degrade naturally without other external influence, 
thus theses tuber particles will affect the eco environment permanently if some techniques are not applied.  
Table1. Principal pollutants of road rainwater 
Pollutants Source Density（mg/L）
SS
Tire, abrasion of road construction material, atmospheric 
deposition, corrosion of the vehicle brakes road maintenance 
etc. 
400~1000 
COD Atmospheric deposition, land infiltration surrounding the road 200~500 
TN 
Atmospheric deposition 
5~15 
TP 0.5~5 
Grease Transport fuel leakage, oil, asphalt roadside infiltration 10~120 
Chloride The usage of de-icing agent, de-icing salt — 
Metal 
Leakage of gasoline and lubricants, abrasion of vehicle 
electroplating parts 
—
Note: the density of pollutants adopts the density during the average rainfall. 
Most of the organic compounds (COD) comes from the road pollution resulting from the atmospheric 
dust and part are generated by the penetration of organic pollutants due to the road trash. In addition, the 
leaves and vegetation will enter into the road runoff after the decomposition with the rainwater and 
aggravate the pollution of rainwater. The most abundant components in heavy metal pollutant are Pb and 
Zn. The former is from the emission of vehicle exhaust and the latter results from the tire abrasion; the 
chloride mainly generates from the de-icing agent; oil pollutants are from the leakage of vehicle fuel and 
lubricants; moreover, part of toxic organic compounds (PHC and PAHs) derives from the leakage of 
lubricating oil while some are the products of gasoline combustion incompletely; N and P originate from 
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the atmospheric dust. Based on some experiments, the principal pollutant of urban street rainwater is SS 
and COD [3]. In northern cities, the amount of SS in initial rainwater runoff is more than 1800mg / L and 
it is over 1200mg / L for COD. The pollution is extremely serious (see in Table 1).
2.2. Influence of correlation among the pollutants 
Street rainwater runoff contains a wide range of pollutants, which interact with each other, affecting 
the degradation rules and characteristics. The research of the interaction rules will serve as the reliable 
theoretical basis and guidelines for the treatment and utilization of rainwater pollution engineering.  
In the rainwater runoff, SS has a significant adsorption on other pollutants, either the large solid 
particles, such as COD, TN and TP, or the small soluble ones. It is found that [4] the adsorbing capacity 
of SS to the pollutant varies with different diameters. The adsorbing capacity is larger with small 
diameters because that the small SS owns the larger surface area and adsorption ability.  Meanwhile the 
data in the research also conveys that the adsorption is more obvious for the organic substance and TP 
particles. In the road rainwater, the adsorption of SS can reach to 83.1% of the total phosphorus TP, 
followed by COD particles. And regarding to road runoff, the proportion of particles is 55.5%. The TN is 
weaker. In conclusion, the indicators of the road rainwater interrelate to some extent.  
As the principal pollutant of road rainwater, there is a clear liner relationship between COD and SS [5]. 
Since the ratio of SS and COD determines the features of pollutants in rainwater runoff, the effective 
measures could be selected to control and regulate effectively. Based on some researches about the 
regression of SS and COD, the linear regression equation is pointed out between them and the coefficient 
can reach 0.97, which shows the close relationship between the parameters of water quality, SS and COD.  
SS has an effective absorption on TP, which exists as the adsorbed state in rainwater runoff while it is 
less for TN. This may depend on the different adsorbed features. TP mainly is in the form of compounds 
and adsorbs on other particles, in contrast, TN is in the form of soluble compounds without adsorbing on. 
On the basis of profound correlation analysis, the monitor and control of TN and TP can be realized with 
SS, which is easy to remove and monitor during the rainy runoff process [6]. 
2.3. Pollution and control of urban street rainwater 
The street rainwater is confined by many factors, such as the accumulation of road pollutants, rainfall 
duration and intensity, traffic conditions during rainfall etc. The experiments prove that in the initial 
rainwater runoff, the concentration of pollutants is high, almost ten times even scores of times of the 
average level. That is so called initial elution effect. If the runoff can be divided and collected at this stage 
and the rainwater in the medium and late period is still drained into the receiving water body, the water 
quality of water environment will be guaranteed. It is concluded that the street rainwater is abundant in 
source and types with significant changes in quality and strong memory comparing with other rainwater. 
Additionally it is obvious in time and regional characteristics, so the rainwater quality should be analyzed 
in a detailed way to take full advantage of the street rainwater and seek out the effective controlling 
measures of the pollution. 
In foreign countries there has been a series of cases experience on the practical treatment in view of the 
street runoff features. The polluted road rainwater should be controlled from both of management and 
technology [7]. From the prospective of engineering and technology, the throttling device with rational 
design should be applied to prevent the street rainwater directly being drained into the receiving body. 
And other structures of rainwater treatment could purify the street rainwater, such as rain reservoir, filter 
pools and permeable pavement. However due to the randomness and complexity of the street rainwater, 
the efficiency of these techniques cannot be guaranteed. Therefore based on the local conditions, the 
Binxia Xue and Xiaofei Kang / Energy Procedia 16 (2012) 2 – 7 5 Author name / Procedia Environmental Sciences 00 (2011) 000–000 
reasonable disposed project and design parameters are chosen, taking into account of the controlling 
factors, such as local roads and hydro geological conditions.  
From the management point of view, the operations and management of road traffic and vehicle should 
be strengthened. Also public participation are encouraged to improve public awareness, further 
controlling the pollution from the source. One is the daily operation and management of urban roads. 
Allocate the traffic flow rationally to reduce the pollution causing by the acceleration, deceleration, 
braking, starting, etc as possible. Maintain the roads regularly and clean the road surface and gullies to 
decrease the accumulation of sediment. The safety and stable environmental material of road construction 
is chosen to prevent the toxic and hazardous substances from leaching and also plan and mange the green 
vegetation along the streets rationally with the less utilization of fertilizer and pesticide. The other is to 
conserve and manage the traffic tools, which demands the public participation and implementation to 
reduce the garbage dumping on the road. The sealing work is needed for earth-moving and garbage trucks 
to avoid the pouring of the contamination on the road. 
2. Resource Recovery of the Urban Street Rainwater 
The urban street rainwater, just the same as the urban rainwater utilization, can be divided into direct 
usage and indirect usage. The former means that the disposed street rainwater, as the reliable resource of 
urban reclaimed water, is applied in the city clean, fire, green etc. The latter is to infiltrate the road 
rainwater through the permeable device and storage it in the reservoir. Then the groundwater is recharged 
to reduce the rainstorm intensity  
Fig. 1. Schematic diagram of the direct use of rainwater  
3.1. Direct usage 
The underground reservoirs are built on both sides of road to retain part of rainwater when the 
rainwater runoff is maximum, which eases the drainage pressure of municipal rainwater pipes network at 
the peak and further avoid the traffic congestion due to the water standing. The rainwater will be reused 
after the collection and treatment without pollution. Since the rainwater runoff contains large amount of 
pollutants during this process, the rainwater needs to be disposed with the split-flow device. The 
rainwater will be utilized by stages, which is considered as the reclaimed water after sedimentation, 
filtration and other process. It is reported that the initial split-flowing should be more than 2 ~ 2.5mm, 
following the practical engineering. This concentrated treatment demands to determine the rational 
volume of reservoir. The less volume will not collect the road rainwater fully. In summer, the volume is 
too big and the cost is higher and the efficiency is poor in winter. Hence according to the local 
hydrological and meteorological characteristics, the volume of the reservoir is determined to ensure to 
accommodate the net rainwater amount resulting from the rainstorm at a certain frequency. Moreover the 
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onsite utilized technology could be applied. Connect the reservoir with the permeable hose, which are 
paved surrounding the roots of trees in the soil, so the rainwater will infiltrate into the soil directly and be 
absorbed by the plants while the excessive water will infiltrate to replenish the groundwater directly(see 
Fig 1) [8].
3.2. Indirect usage 
The indirect utilization is mainly achieved by the infiltration of rainwater, thereby realizing the water 
environment cycle. Additionally it also increases the underground water, mitigates the flooding, regulates 
the climate and improves the environment. The measures to strengthen the infiltration covers: ① the 
application of permeable materials of road construction. With this method, the porous road surface will be 
attached with good sound-absorbing effect. But the requirement of strength and permeability for this 
material is higher. ② increase the green area. The water retention capacity of vegetation could be used to 
slow the rate of rainwater runoff, retaining the large amount of rainwater. ③other structures with strong 
infiltration are set up, such as infiltration trenches, infiltration popes, infiltration pond, and infiltration 
wells etc. However, these measures are currently subject to various factors without systematic and unified 
planning.  
The utilization and research of rainwater is still in infancy in China. The patterns of road rainwater are 
not perfect. The utilized facilities are all confined to a relatively small area without unifying with the 
water planning of the city. According to its own characteristics, how to design and plan a set of effective 
project of rainwater utilization is a major direction for the study on the macro utilization of rainwater 
recycles at present. 
4. Conclusions 
As a highly valuable natural resource, the pollution control and recycling research of urban street 
rainwater is attracting more and more attention from researchers. The study and exploration of the 
pollutant and migration process will serve as the effective foundation to determine the resource recovery 
of rainwater in the future. Moreover the rainy process can be simulated and predicted profoundly with the 
mathematical models and advanced mapping software. During the formation and utilization process of 
road rainwater, the systemization and integration of the comprehensive utilization and plan for the urban 
rainwater are realized. 
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